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0 Diagnostic X-ray apparatus. 



® An X-ray emitted from an X-ray tube (12) and 
transmitted througti an object (10) is imaged by an 
image Intensifier (14) and a TV camera (18) to obtain 
an X-ray fluorogram. Angiograpiiy is performed prior 
to PTCA. An output from the TV camera (18) during 
angiography is written as road map images in an 
image memory (26). During PTCA, the X-ray fluorog- 
ram obtained from the TV camera (18) is supplied to 
2 a display (30) through a buffer memory (24). An 
^output from the image memory (26) is supplied to a 
display (34). Read/write access of the image mem- 
^ory (26) is controlled by a read/write controller (38) 
which receives an output electrocardiogram from an 
^electrocardiograph (36). A plurality of road map im- 
f^ages are stored at equal time intervals within one 
heart beat period from a timing at which the elec- 
®trocardiogram represents an R-wave and are read 
^out in synchronism with the electrocardiogram. The 
lUroad map images are read out at the same equal 
time intervals as those of the write mode. The road 
map image imaged when the electrocardiogram re- 



presents the R-wave is read out every time the 
electrocardiogram represents the R-wave. The sub- 
sequent road map images are read out, and the 
finally imaged road map image is repeatedly read 
out until the electrocardiogram represents the next 
R-wave. 
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Diagnostic X-ray apparatus 



TTie present invention relates to a diagnostic X- 
ray apparatus for displaying a fluorogram of an 
object and a road map image for guiding a catheter 
to a target portion of the object 

Percutaneous transluminal coronary angtoplas* 
try (to be referred to as PTCA hereinafter) has 
been practiced to widen an inner cavity of a stric- 
tured coronary artery, in PTCA. a catheter having a 
balloon at its distal end is placed inside a strictured 
portion and the balloon is inflated to widen the 
strictured portion. In order to guide the catheter to 
the target portion, an X-ray fluorograpic apparatus 
is used. Prior to practicing of the PTCA. a contrast 
medium is injected into a blood vessel, angiog- 
raphy is performed, and a fluorogram (angiogram) 
showing blood vessels is obtained. One frame of 
this angiogram is stored in a memory as a road 
map image. During the practice of PTCA, the ob- 
ject is exposed with X-rays of a normal dose, and 
an X-ray fluorogram showing profiles of the respec- 
tive organs of the object is oiatained In real time on 
the basis of X-rays transmitted through the object. 
The road map image is displayed together with the 
fluorogram. The catheter inserted into the tran- 
sluminal coronary of the object is operated with a 
guide wire and is moved to a desired target por- 
tion. 

Although the fluorogram of the object is dis- 
played in real time as a motion picture, the road 
map image as an X-ray fiuorogram consisting of an 
image of blood vessels at a phase of heart beats is 
displayed as a single still image on the monitor. 
The phase of the road map Image is not matched 
with that of the fluorogram which varies in real 
time. For this reason, even if a doctor observes the 
road map image, he cannot accurately judge the 
present position of the catheter at a timing except 
for the heart beat phase at which the road map 
Image Is stored. This problem also occurs in road 
map images in other treatments excluding the 
PTCA. 

It is an object of the present invention to pro- 
vide a simple diagnostic X-ray apparatus wherein a 
road map image can be synchronously displayed 
with an X-ray fluorogram with respect to a heart 
beat phase even if a heart beat penod during 
photographing of the road map image Is different 
from that during Its display. 

It is another object of the present Invention to 
provide a display apparatus for displaying a road 
map image as a motion picture in synchronism 
with an actual fluorogram. 

It is still another object of the present Invention 
to provide a method of accurately displaying a road 
map Image In synchronism with a heart beat phase 



during PTCA. 

A diagnostic X-ray apparatus according to the 
present invention comprises: a TV camera for Im- 
aging an X-ray fluorogram of an object: an elec- 

5 trocardiograph for obtaining an electrocardiogram 
of the object; an image memory for storing a 
plurality of road map images; a read/write controller 
for writing in the image memory the plurality of X- 
ray fluorograms. as the road map images imaged 

10 at predetermined time intervals within one heart 
beat period from a timing at which the electrocar- 
diogram represents an R-wave. the road map im- 
ages representing biood vessels of the object, and 
for reading out the road map images in synchro- 

75 nism with the electrocardiogram from tiie image 
memory such that the road map images are se- 
quentially read out at predetermined time intervals, 
a given road map image imaged when the elec- 
tirocardlogram represents the R-wave is read out 

20 every time tiie electrocardiogram represents tiie R- 
wave, and a finally imaged road map image is 
repeatedly read out until the electrocardiogram re- 
presents tiie next R-wave: and a display for dis- 
playing the X-ray fluorogram Imaged by ttie TV 

25 camera together with the road map images read 
out from the image memory. 

The road map image display apparatus accord- 
ing to the present invention comprises a detector 
for detecting motion of a heart of an object, a unit 

30 for imaging road map Images of the object at 
different phases of tiie motion of the heart of the 
object within one heart beat period and storing the 
imaged road map images, and a display for dis- 
playing the stored road map images in synchro- 

35 nism with the motion of the heart of tine object. 

A method of displaying a road map image 
according to the present invention comprises the 
steps of: imaging a fluorogram of an object to 
image an angiogram and obtaining an electrocar- 

40 diogram; storing a plurality of angiograms as road 
map images at equal time Intervals within any one 
period of the electrocardiogram prior to PTCA; and 
displaying the stored road map images in synchro- 
nism with a phase of the electrocardiogram. 

45 This invention can be more fully understood 

from the following detailed description when taken 
In conjunction with the accompanying drawings, in 
which: 

Rg. t is a block diagram of a diagnostic X- 
50 ray apparatus according to an embodiment of the 
present Invention; 

Rg. 2 Is a view showing road map image 
fetch timings; and 

Rg. 3 is a view showing road map Image 
display timings. 
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A diagnostic X-ray apparatus according to an 
embodiment of the present invention will be de- 
scribed with reference to the accompanying draw- 
ings. Rg. 1 is a blocl< diagram showing an arrange- 
ment of the apparatus. An X-ray emitted from an X- 
ray tube 12 is transmitted through an object 10 on 
a bed 11. The transmitted X-ray is converted into 
an optical image by an image intensifier 14. The 
optical image represents a distribution of X-ray 
transmittances of the respective parts of the object. 
In ttiis image, blood vessels cannot be visually 
distinguished from other organs. An optical image 
from the Image Intensifier 14 is incident on a TV 
camera 18 through an optical system 16 and Is 
converted into an analog image signal. The X-ray 
tube 12, the object 10. the image Intensifier 14, the 
optical system 16, and the TV camera 18 are 
arranged along the same line. The X-ray tube 12. 
the image intensifier 14, the optical system 16, and 
the TV camera 18 can be Integrally rotated clock- 
wise or counterclockwise around the body axis of 
object 10. and tilted. Therefore, an X-ray can be 
emitted onto tiie object 10 from any direction. 

An output analog image signal from the TV 
camera 18 is converted into a digital image signal 
by an A/0 converter 20. The digital image signal is 
supplied to either a buffer memory 24 or an Image 
memory 26. The buffer memory 24 has a capacity 
for storing images of several frames and a FIFO 
function for sequentially outputting images 
(fluorograms representing profiles of the respective 
parts of the object) in an input order. An output 
from the buffer memory 24 is supplied to a display 
30 through a D/A converter 28. and a fluorogram is 
displayed in real time as a motion picture on a 
display 30. On the other hand, the image memory 
26 has a capacity for storing several tens of 
frames. The image memory 26 stores a plurality of 
road map images (e.g.. angiograms) representing 
blood vessels within one heart beat period prior to 
PTCA and repeatedly outputs the stored images 
during PTCA. The output from the image memory 
26 Is supplied to a display 34 tiirough a D/A 
converter 32 and the plurality of road map images 
are displayed on the display 34 as a motion pic- 
ture. Read/write access of the image memory 26 is 
controlled by a read/write controller 38. The 
read/write controller 38 controls the read/write tim- 
ing of the image memory 26 on the basis of an 
output (electrocardiogram) from an electrocardio- 
graph 36 connected to the object 10 and a signal 
from an operation switch 39. 

An operation of the above embodiment will now 
be described. Prior to PTCA, angiography is per- 
formed to obtain road map Images. This operation 
need' not be performed if an image representing 
blood vessels of the object can be obtained in 
fluorography. A contrast medium is injected Into a 



blood vessel of tiie object to perform angiography, 
and the object 10 is exposed with an X-ray from 
the X-ray tube 12. The X-ray transmitted tiirough 
tiie object 10 is converted into an optical Image by 
5 tiie image intensifier 14. The optical image is con- 
verted Into an analog image signal by the TV 
camera 18 ttirough tiie optical system 16. The 
Image signal Is converted into a digital signal by 
the /VD converter 20. The digital signal is supplied 
10 to the display 30 tinrough tiie buffer memory 24 
and the D/A converter 28. An X-ray fluorogram is 
displayed in real time on the display 30. An output 
from the TV camera 18 need not be input to the 
display 30 tiirough the A/D converter 20, the buffer 
75 memory 24. and the D/A converter 28. but can be 
directly input to tine display 30. When an operator 
is observing the fluorogram and an angiogram 
serving as a road map Image appears, the appear- 
ance of the angiogram is signalled to the controller 
20 38 through the operation switch 39. Thereafter, tiie 
controller 38 monitors the electrocardiogram output 
from tine electrocardiograph 36. After the controller 
38 detects the first R-wave, a plurality of road map 
images (angiograms) output from the A/D converter 
25 20 at predetermined time intervals within one heart 
beat period are written into the Image memory 26. 
If an image write rate is defined as a frame rate of 
an NTSC television scheme. I.e.. 30 frames/sec, 
and one heart beat period is one second, tiie 
30 number of images to be stored in the image mem- 
ory 26 is 30. This operation is shown in Fig. 2, That 
Is, road map images Ft to Fn (n is an arbitrary 
positive integer, e.g., 30 In the above case) every 
1/30 sec witiiin one heart beat period from the R- 
35 wave of the object are stored in the image memory 
26. More specifically, the controller 38 includes an 
address counter incremented at predetermined 
time intervals when the controller 38 detects the 
first R-wave of the electrocardiogram output from 
40 the electrocardiograph 36 after appearance of the 
angiogram is signalled. When the counter is incre- 
mented to n in the write mode, Its operation is 
stopped, inlhe read mode, the counter is Incre- 
mented at the same predetermined time intervals 
45 as those in the write mode. It should be noted tiiat 
the value n is retained after ttie counter Is incre- 
mented to"'n. The counter Is reset to one upon 
appearance of the R-wave. 

In the PTCA mode, the real-time fluorograms 
50 are displayed, while the road map images are read 
out from the Image memory 26 and are displayed. 
In this case, the positional relationship between the 
object 10 and the X-ray tube 12 during imaging of 
the road map images is assumed to be the same 
55 as during PTCA. A digital image signal represent- 
ing a fluorogram from the A/D converter 20 is 
converted into an analog signal by the D/A con- 
verter 28 through the buffer memory 24. The ana- 
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log signal is displayed on the display 30 as a real- 
time fluorogram. 

Meanwhile, the controller 38 reads out the first 
road map image Fi from the Image memory every 
time the R-wave of the electrocardiogram from the 
electrocardiograph 36 is detected. The road map 
images Fi, F2,... are sequentially read out at the 
same frame rate as that of the write frame rate. 
The frame images Fi, F2.... Fn are sequentially 
displayed on the display 34 through the D/A con- 
verter 32. Thus, the road map images can be 
displayed as a motion picture. Since the read ac- 
cess of the frame images Fi, F2.... are synchro- 
nized with the R-wave, the road map images syn- 
chronized with the fluorograms can be displayed, 
and accurate PTCA can be performed. 

A heart beat period Ti during imaging of the 
road map images is not necessarily matched with a 
heart beat period T2 during PTCA. However, no 
problem is posed in this embodiment as will be 
described below. If condition Ti > T2 is established 
between an R-wave ri and an R-wave r2 shown in 
Rg. 3, the next R-wave r2 appears before ail the n 
road map images are completely displayed. In this 
case, read access from the first road ^ map image 
Fi Is repeated in synchronism with the R-wave r2. 
In this manner, the display of the road map Images 
obtained in a period toward the end of the expan- 
sion phase of the R-wave immediately before the 
next R-vyave is omitted. During this period, the 
motion of the heart Is very moderate, and no prob- 
lem is posed. If condition Ti < T2 is established as 
between the R-wave ra and an R-wave ra shown in 
Rg. 3, the R-wave ra does not appear even after all 
the n road map images are completely displayed". 
In this case, the n-th road map image Fn is repeat- 
edly displayed until the next R-wave ra is detected. 
An expansion phase end period d of the R-wave 
represents relatively moderate motion of the heart 
Therefore, the n-th road map image Fn may be 
repeatedly displayed. 

According to this embodiment as has been 
described above, a plurality of road map images 
are stored in the image memory 26 at a predeter- 
mined frame rate in synchronism with the R-wave 
within one heart beat period of the electrocardio- 
gram of the object. During PTCA, the road map 
images are read out in synchronism with the R- 
wave in an order of writing the images at the frame 
rate. The road map images synchronized with the 
fluorograms can be displayed as a motion picture. 
Therefore, the operator can accurately understand 
a catheter position in the object during PTCA. In 
addition, even if tine heart beat period during stor- 
age of the road map images is different from that 
during PTCA, the road map image corresponding 
to tiie R-wave is synchronized with the R-wave of 
the electrocardiogram obtained during PTCA. 



Therefore, the present invention can cope with vari- 
ations in heart beat period witii a simple arrange- 
ment 

As a modification of tiie present invention, a 

5 road map image may be superimposed on a fluoro- 
gram by combining the displays 30 and 34. The 
write access of the road map images in the image 
memory^ 26 is not limited to tiie one described 
above. For example, one heart beat period may be 

10 actually measured, and a write frame rate may be 
calculated in accordance with the capacity of tiie 
image memory 26 and the heart beat period. In this 
case, the read rate for display may be obtained by 
actually measuring one heart beat period, and the 

15 number of images stored in the Image memory 26 
and tiie measured heart beat period are used to 
calculate tiie read rate. In addition, tiie frame rate 
of tiie images written into tiie image memory 26 
need not be fixed. Road map images may be 

20 written upon every detection of predetermined 
phases within one heart beat period, in this case, 
the phase of the electrocardiogram Is detected 
even in the read mode, and a corresponding road 
map image is read out based on the detected 

25 phase. It should be noted that one heart beat 
period need not be one period from the R-wave. 



Claims 

30 

1. An X-ray apparatus comprising: 
means for imaging an X-ray fluorogram of an ob- 
ject; 

means for storing a road map image; 

35 display means for displaying tiie X-ray fluorogram 
Imaged by said imaging means together with the 
road map image read out from said storing means, 
characterized in that said road map image storing 
means comprises: 

40 an electrocardiograph (38) for obtaining an elec- 
trocardiogram of the object; 

means (26) for storing, as road map images. X-ray 
tiuorograms representing blood vessels and im- 
aged by said imaging means at predetermined 
45 time intervals within one heart beat period from a 
timing at which tiie electrocardiogram represents 
an R-wave; and 

readout means (38) for reading out tiie road map 
images from said storing means in synchronism 

50 with the electrocardiogram such that the road map 
images are read out at tiie predetermined time 
intervals, a road map image obtained when the 
electrocardiogram represents tiie R-wave is read 
out every time tiie electrocardiogram represents 

55 the R-wave, subsequent road map images ar^ se- 
quentially read out in an imaging order, and a 
finally imaged road map image is repeatedly read 
out until tiie electrocardiogram represents tiie next 
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R-wave. 

2. An apparatus according to claim 1, char- 
acterized in that said display means comprises first 
display means (30) for displaying the X-ray fluorog- 
ram imaged by said Imaging means and second 
display means (34) for displaying the road map 
images read out from said storing means. 

3. An apparatus according to claim 1, char- 
acterized In that said display means (32. 34) com- 
prises means for superimposing the X-ray fiuorog- 
ram imaged by said imaging means and the road 
map images read out from said storing means. 

4. An apparatus according to claim 1. char- 
acterized in that 

said storing means (26) comprises means for stor- 
ing the road map images in an imaging order at 
addresses which can be incremented sequentially 
from one: and 

said readout means (38) comprises an address 
counter representing a read address of said storing 
means, said address counter being reset to one 
every time the electrocardiogram represents the R- 
wave. being incremented at the predetermined time 
intervals, and being maintained at a maximum val- 
ue until resetting after the counter is incremented 
to the maximum value corresponding to the num- 
ber of the road map images stored. 

5. An apparatus according to claim 1. char- 
acterized in that said Imaging means (12, 14. 18) 
comprises means for imaging an angiogram of a 
heart of the object, the angiogram being written in 
said storing means as the road map Image. 

6. A road map image display apparatus char- 
acterized by comprising: 

means (36) for detecting motion of a heart of an 
object; 

means for (12, 14, 18. 26) imaging and storing road 
map Images representing blood vessels of the ob- 
ject at different phases of the motion of the heart of 
the object; and 

readout means (38) for reading out the road map 
images in synchronism with the motion of the heart 
of the object. 

7. An apparatus according to claim 6, char- 
acterized In that said Imaging and storing means 
comprises means (26) for storing a plurality of 
angiograms imaged within one heart beat period 
from a specific phase. 

8. An apparatus according to claim 6, char- 
acterized in that 

said detecting means comprises an electrocardio- 
graph (36); 

said imaging and storing means comprises means 
(26) for storing a plurality of angiograms imaged at 
equal time intervals from a timing at which an 
electrocardiogram represents and R-wave; and 
said readout means (38) comprises means for 
reading out the angiograms at said equal time 



intervals in an imaging order every time the elec- 
trocardiogram represents the R-wave. 

9. A method of displaying a road map image In 
percutaneous transluminal coronary angioplastry 
5 (PTCA). characterized by comprising the steps of: 

a) imaging an angiogram of an object and 
obtaining an electrocardiogram; 

b) storing a plurality of angiograms as road 
map images at equal time intervals within any one 

10 period of an electrocardiogram prior to PTCA; and 

c) imaging a fluorogram during PTCA and 
displaying the imaged fluorogram together with the 
stored road map Images in synchronism with a 
phase of the electrocardiogram. 

75 ' 10. A method according to claim 9. character- 
ized in that said b) storing step includes the step of 
storing a plurality of angiograms within one heart 
beat period from a timing at which the electrocar- 
diogram represents an R-wave. and said c) Imaging 

20 and displaying step includes the steps of reading 
out' the angiograms at said equal time intervals, 
reading out the angiogram imaged at the timing at 
which the electrocardiogram represents the R-wave 
every time the electrocardiogram represents the R- 

25 wave, and repeatedly reading out a finally imaged 
angiogram until the electrocardiogram represents 
the next R-wave, 
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